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CIRCADIAN V A R I A T I O N OF THE ATROPINE E F F E C T ON THE RÜNNING 
PERFORMANCE OF MICE TREATED WITH 1,2,2-TRIMETHYLPROPYLMETHYL-
PHOSPHONOFLÜORIDATE (SOMAN) 
H. ARBOGAST, M. HALLEK, B. ARBOGAST & L. SZINICZ 
I n s t i t u t für P h a r m a k o l o g i e und T o x i k o l o g i e d e r Akademie des 
Sanitäts- und Ges u n d h e i t s w e s e n s d e r Bundeswehr - BSW, 
Ingolstädter L a n d s t r . 100, D-8046 Garching-Hochbrück, FRG 
INTRODUCTION 
The e f f i c a c y o f a t r o p i n e as a n t i d o t e i n an organophos-
phate p o i s o n i n g has been f r e q u e n t l y documented (BERRY e t a l , 
1966; HELM, 1980). T h i s Compound has become an i n d i s p e n s a b l e 
component of t h e t h e r a p y . I n c o n t r a s t , l i t t l e i s known about 
the i n f l u e n c e o f a t r o p i n e on the n o n - l e t h a l e f f e c t s of 
org a n o p h o s p h a t e s . 
The s e t u p o f t h i s e x p e r i m e n t a r o u s e o u t of the 
O b s e r v a t i o n t h a t t h e t o x i c e f f e c t s o f many drugs change w i t h 
t h e t i m e o f day. T h i s c o u l d be d e m o n s t r a t e d f o r a l a r g e 
v a r i e t y of drugs (REINBERG & HALBERG, 1971) i n c l u d i n g 
p a r a o x o n , t h e a c t i v e m e t a b o l i t e o f p a r a t h i o n , organophosphate 
and a p o t e n t C h o l i n e s t e r a s e i n h i b i t o r (MAYERSBACH, 1974) and 
soman, a v e r y p o t e n t and r a p i d - a c t i n g o r ganophosphate "nerve 
agent" (ELSMORE, 1981). 
In t h i s s t u d y , t h e i n f l u e n c e o f a t r o p i n e on the motor 
Performance o f mice t r e a t e d w i t h soman and the c i r c a d i a n 
V a r i a t i o n o f t h i s e f f e c t were i n v e s t i g a t e d . 
METHODS 
White male NMRI-mice, w e i g h i n g between 20 and 25 g w i t h 
t a p w a t e r and S t a n d a r d mice chow ad l i b ( A l t r o m i n ) were 
used. The a n i m a l s were a l l o w e d t o adapt f o r 10 days and were 
th e n t r a i n e d f o r t h r e e c o n s e c u t i v e d a y s , once d a i l y , f o r 60 
min. A mash w i r e drum (20 cm d i a m e t e r ) r o t a t i n g a t 14 rpm was 
used. 
The a n i m a l s r e c e i v e d t h e Compounds t o be t e s t e d 
i m m e d i a t e l y b e f o r e t h e r u n n i n g p e r i o d o f 60 min. B e f o r e t h e 
i n j e c t i o n and a f t e r t h e e x p e r i m e n t ( r u n n i n g p e r i o d ) a 
m o d i f i e d n e u r o l o g i c b e h a v i o r a l S c r e e n i n g program was 
pe r f o r m e d , a c c o r d i n g t o IRWIN (1968). 26 pa r a m e t e r s were 
t e s t e d : body p o s i t i o n , l o c o m o t o r a c t i v i t y , e x ophthalmus, 
abnormal movements, t r e m o r , c o n v u l s i o n s ( v i e w i n g g l a s s ) ; 
a p p earance, p i l o e r e c t i o n , eye o p e n i n g , s t a r t l e r e a c t i o n 
( a r e n a ) ; V i s u a l p l a c i n g , g r i p s t r e n g t h , c o r n e a l r e f l e x , p i n n a 
r e s p o n s e , t o e and t a i l p i n c h r e s p o n s e s , body tone and 
te m p e r a t u r e ( s t e e l w i r e g r i d ) ; p o s i t i o n a l s t r u g g l e , 
abdominal and e x t r e m i t y t o n e , s a l i v a t i o n , l a c r i m a t i o n , s k i n 
c o l o u r , d i a r r h e a , r e s p i r a t o r y r a t e , b i t i n g p r o v o c a t i o n 
( s u p i n e p o s i t i o n ) . The d i f f e r e n c e s between t h e S i n g l e v a l u e s 
b e f o r e t h e i n j e c t i o n and a f t e r t h e r u n n i n g p e r i o d were formed 
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and summarized t o f i v e s c o r e s : a c t i v i t y , r e f l e x e s , muscle 
t o n u s , autonomous and abnormal b e h a v i o r . 
A f t e r r a n d o m i z a t i o n , 7 a n i m a l s per group r e c e i v e d e i t h e r 
s a l i n e S o l u t i o n s . c and i . p . , o r soman (50% LD^Q S.C and 
s a l i n e i . p . , o r soman (50% LD^Q S.C. and a t r o p i n e (10 mg/kg) 
i . p . 
In a b l i n d p r o c e d u r e , t h i s s e t u p was r e p e a t e d a t s i x 
d i f f e r e n t t i m e p o i n t s a l o n g t h e 24-h s c a l e , w i t h a t o t a l of 
126 a n i m a l s . 
A d e t a i l e d d e s c r i p t i o n o f t h e method w i l l be p u b l i s h e d 
e l s e w h e r e (ARBOGAST e t a l , i n p r e p a r a t i o n ) . 
STATISTICS 
The r e s u l t s were ch e c k e d f o r s i g n i f i c a n t d i f f e r e n c e s by 
oneway and twoway o f v a r i a n c e (ANOVA, 1983) and rhythms were 
q u a n t i f i e d by t h e c o s i n o r method (NELSON e t a l , 1971; BINGHAM 
e t a l , 1982). 
RESULTS 
P r i m a r i l y - i n d e p e n d e n t l y from d a y t i m e - i n a n i m a l s 
r e c e i v i n g soman a l o n e r u n n i n g P e r f o r m a n c e , as w e l l as t h e 
S c r e e n i n g s c o r e s a c t i v i t y , r e f l e x e s , muscle t o n u s and 
autonomous b e h a v i o r were s i g n i f i c a n t l y r e d u c e d , t h e abnormal 
b e h a v i o r s c o r e was i n c r e a s e d . L o o k i n g a t t h e d a t a i n 
dependence o f d a y t i m e ( F i g . 1 ) , f o r t h i s group a s i g n i f i c a n t 
c i r c a d i a n V a r i a t i o n c o u l d be d e t e c t e d i n t h e a c t i v i t y and 
abnormal b e h a v i o r s c o r e s . 
The a n i m a l s t r e a t e d w i t h soman and a t r o p i n e d e m o n s t r a t e d 
a marked improvement i n r u n n i n g P e r f o r m a n c e , a c t i v i t y , 
r e f l e x e s , autonomous and abnormal b e h a v i o r s c o r e s , compared 
t o t h e a n i m a l s r e c e i v i n g soman a l o n e . A t r o p i n e t r e a t m e n t had 
no e f f e c t on muscle t o n u s , as e x p e c t e d . 
A h i g l y s i g n i f i c a n t c i r c a d i a n V a r i a t i o n , however, c o u l d 
be v e r i f i e d i n r u n n i n g P e r f o r m a n c e of t h i s group ( F i g . l a ) , 
as w e l l as i n t h e S c r e e n i n g s c o r e s a c t i v i t y and abnormal 
b e h a v i o r (see a l s o T a b l e i n F i g . 1 ) . The c l e a r l y t w i n peaked 
d a t a c u r v e s i n d i c a t e t h e e x i s t e n c e o f an a d d i t i o n a l 12-h 
rhythm, w h i c h c o u l d be m a n i f e s t e d by t h e c o s i n o r method. 
The most s t r i k i n g d a y t i m e V a r i a t i o n , however, was 
p r o m i n e n t i n t h e improvement o f r u n n i n g P e r f o r m a n c e by 
a t r o p i n e t h e r a p y ( F i g . 2a showing t h e % a l improvement of 
r u n n i n g P e r f o r m a n c e i n t h e a t r o p i n e t h e r a p y group compared t o 
t h e r e s p e c t i v e a n i m a l s r e c e i v i n g soman a l o n e i n dependence o f 
d a y t i m e ) . Here, d a t a v a r y between -63 and +223%. 
I f a n a l y z e d by t h e c o s i n o r method ( F i g . 2 b ) , t h e s e d a t a 
e x h i b i t a s i g n i f i c a n t c i r c a d i a n rhythm w i t h an a c r o p h a s e 
towards t h e end o f t h e a c t i v i t y p e r i o d o f t h e mice (seen i n 
c i r c l e A ) . A l s o , an u l t r a d i a n 12-h rhythm c o u l d be m a n i f e s t e d 
(shown i n c i r c l e B ) . 
Compared t o t h e s a l i n e c o n t r o l s , an a c r o p h a s e s h i f t i n 
t h e a c t i v i t y s c o r e of t h e groups r e c e i v i n g soman ( w i t h o r 
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F i g . 1: a) C i r c a d i a n V a r i a t i o n o f t h e mean r u n n i n g t i m e 
(min.) i n mice t r e a t e d w i t h s a l i n e , soman, 
soman+atropine; 
b) C i r c a d i a n V a r i a t i o n o f t h e mean a c t i v i t y s c o r e 
( a r b i t r a r y u n i t s ) i n mice t r e a t e d w i t h s a l i n e , 
soman, soman+atropine; each d a t a p o i n t r e p r e s e n t s 7 
a n i m a l s ; t h e i n s e r t e d t a b l e d e m o n s t r a t e s a l l t i m e 
dependences o b t a i n e d by ANOVA a t d i f f e r e n t l e v e l s 
o f s i g n i f i c a n c e . 
T — — — — r — — i f — • 1 
1 5 9 13 17[h] 
daytime 
running 
Perfor-
mance 
activity 
autono-
mous 
behavior 
abnormal 
behavior reflexes 
muscle 
tonus 
CONTROLS • 
SOMAN • 
SOMAN* 
ATROPINE 
THERAPY • • • • • + 
TIME 
+ p<0.05 
p<0.01 
p<0.001 
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daytime 
S I N C I C COSINOft 
p 
M 
n ompl i tu4« 
tSE ( h l 
00» 
A 24 
B :2 
42 83 9 . 
58 d t 39 8 
» 8 2 t 39 8 
6^5 1240 
4 I 6 ? 0 41 
F i g . 2: a) C i r c a d i a n V a r i a t i o n o f t h e a t r o p i n e e f f e c t on t h e 
mean r u n n i n g P e r f o r m a n c e improvement (%) i n mice 
t r e a t e d w i t h soman; n = 7 a n i m a l s p e r t i m e p o i n t ; 
b) c o s i n o r a n a l y s i s o f mean r u n n i n g P e r f o r m a n c e 
improvement; the p a r a m e t e r s o f t h e 24- and 12-h 
rhythms a r e l i s t e d below t h e g r a p h . 
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w i t h o u t a t r o p i n e ) c o u l d be o b s e r v e d . A c t i v i t y a c r o p h a s e s i n 
t h e l a t t e r g roups showed a c l e a r s y n c h r o n i c i t y w i t h t h e 
a c r o p h a s e of r u n n i n g P e r f o r m a n c e improvement. 
CONCLUSIONS 
In c o n c l u s i o n i t can be s t a t e d t h a t t h e a p p l i c a t i o n of 
a t r o p i n e c l e a r l y improved t h e e f f e c t s c a u s e d by soman, e x c e p t 
muscle t o n u s . The e f f e c t o f a t r o p i n e on motor b e h a v i o r as 
w e l l as on a l l t h e n e u r o l o g i c s c o r e s showed s t r o n g c i r c a d i a n 
v a r i a t i o n s , s t r o n g e r t h a n t h o s e i n c o n t r o l s and i n a n i m a l s 
r e c e i v i n g soman a l o n e . A c r o p h a s e s y n c h r o n i c i t y o f r u n n i n g 
P e r f o r m a n c e improvement w i t h t h e rhythm o f t h e a c t i v i t y s c o r e 
c o u l d a l s o be shown. Hence, a c t i v i t y c o u l d t h u s be used as a 
"marker rhythm". 
As one p o s s i b l e i n t e r p r e t a t i o n , i t might be s u g g e s t e d 
t h a t t h e r e s t - a c t i v i t y c y c l e o f t h e a n i m a l s a l s o s y n c h r o n i z e s 
the s e n s i t i v i t y o f t h e o r g a n i s m towards a t r o p i n e . The 12-h 
rhythms m a n i f e s t e d i n our a c t i v i t y d a t a a r e a l s o c o n f i r m e d by 
l i t e r a t u r e , where 12-h rhythms i n a c t i v i t y a r e commonly 
d e s c r i b e d (HALBERG & HALBERG, 1984). 
ELSMORE (1981) r e p o r t e d about c i r c a d i a n v a r i a t i o n s i n t h e 
t o x i c ( l e t h a l ) e f f e c t s o f soman. H i s f i n d i n g o f a c i r c a d i a n 
r h y t h m i c i t y i n t h e s u s c e p t i b i 1 i t y t o "nerve a g e n t " p o i s o n i n g 
c o u l d be c o n f i r m e d by our d a t a f o r t h e n o n - l e t h a l e f f e c t s . In 
a d d i t i o n , t h e d e t e c t i o n of a c i r c a d i a n dependence of t h e 
t h e r a p e u t i c a t r o p i n e e f f e c t v e r y w e l l c o i n c i d e s w i t h 
ELSMORE's f i n d i n g s d e m o n s t r a t i n g a s i g n i f i c a n t l y h i g h e r L D 5 ß 
and a s i g n i f i c a n t l y lower body w e i g h t l o s s d u r i n g t h e darK 
p e r i o d . H i s C h o l i n e s t e r a s e measurements i n t h r e e b r a i n 
r e g i o n s ( b r a i n s t e m , hypothalamus and m i d b r a i n ) a l l e x h i b i t e d 
peak c o n c e n t r a t i o n s d u r i n g t h e d a r k s p a n , when soman was 
l e a s t t o x i c . 
We a l s o found a t r o p i n e e f f i c a c y h i g h e s t d u r i n g t h e d a r k 
p e r i o d . So i t might be s u g g e s t e d t h a t as one o f t h e p o s s i b l e 
mechanisms t h e c i r c a d i a n r h y t h m i c i t y o f b r a i n a c e t y l c h o l i n -
e s t e r a s e may cause t h e c i r c a d i a n dependence o f t h e t h e r a p e u -
t i c a t r o p i n e e f f e c t . 
As a f i n a l remark, the d a t a p r e s e n t e d h e r e show t h e 
n e c e s s i t y o f c o n s i d e r i n g t h e t i m e of day when p e r f o r m i n g 
o rganophosphate t o x i c i t y e x p e r i m e n t s . 
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